Bacterial endophytes do have several potential applications in pharmacy, medicine and agricultural biotech industry. The main objective of this study was to understand types of bacterial endophytes associated with dicotyledonous (dicot) and monocotyledonous (monocot) plant species. Isolation of the endophytic bacteria was performed using surface-sterilized various tissue samples, and identification of the endophytic bacterial isolates (EBIs) was completed using 16S rRNA encoding gene sequence similarity based method. In total, 996 EBIs were isolated and identified from 1055 samples of 31 monocot and 65 dicot plant species from Peninsular Malaysia. The 996 EBIs represented 71 different types of bacterial species. Twelve (12) out of 71 species are reported as endophytes for the first time. We conclude that diverse types of bacterial endophytes are associated with dicot and monocot plants, and could be useful in pharmacy, medicine and agricultural biotechnology for various potential applications.
Introduction
Symbiotic association with microbes allows plants (including medicinal plants) to survive in adverse living conditions. The success of plant-microbe interactions at the molecular level 1 determines the ability of soil bacteria to reside inside plants as benign endophytes. 2 Bacterial endophytes have several potential applications in pharmacy, drug discovery 3, 4 as well as in agriculture that include alteration of plant growth and development, 5 increasing shelf-life of agricultural commodities, 6, 7 enhancing productivity of crop plants 8 and phytoremediation. 9, 10 This study was conducted to have a collection of bacterial endophytes from tropical plant species. The long-term aim of this study is to explore endophytic bacteria for various economically important bioactive compounds such as novel antibiotics, molluscicidal agents, and plant growth regulators. The main objective of this first phase of the study was to understand types of endophytic bacteria associated with dicot and monocot plant species. The diversity of the bacterial endophytes in monocot and dicot plants species from Peninsular Malaysia is reported in this paper.
Materials and methods
Healthy tissue samples (such as leaves, stems, petioles, fruits etc.) from 1055 plants belonging to 31 monocot and 65 dicot plant species were collected from road sides, gardens and plantations from all over Peninsular Malaysia. The culturable endophytic bacterial strains were isolated from the surface-sterilized tissues as discussed somewhere else. 6, 11 In brief, the collected leaves, stems, petioles, fruits etc. samples were washed under plenty of running tap water, and surface-sterilization of tissue samples was carried out carefully to avoid the contamination. 6 To isolate endophytic bacteria, plant tissue samples were inoculated aseptically in the Petri plates containing LuriaeBertani (LB) agar medium. Petri plates were incubated (in the dark) up to 18e 20 h at 37 C (AE3 C) in an incubator.
The cultivation of isolated EBIs, amplification of their 16S rRNA encoding gene fragments, 16S rRNA gene fragments sequencing and identification of isolates were carried out using routinely used techniques with minor modifications. 
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Results and discussion
As a part of a broad study to explore potential applications of bacterial endophytes, 996 culturable endophytic strains were isolated from the surface-sterilized tissues of 1055 plant samples. Out of the 996 strains, 977 were identified to species level where their 16S rRNA encoding gene sequences showed at least 96% similarity with closest hits from the GenBank/DDBJ/EMBL database. Annotated, 16S rRNA encoding gene fragment's nucleotide sequences of all 996 EBIs have been deposited in the GenBank/DDBJ/EMBL DNA database under accession numbers: HQ844622ÀHQ844643, HQ694233ÀHQ694466, HQ694155ÀHQ694231, HQ693995ÀHQ69 4150, HQ683764ÀHQ684020, HQ670424ÀHQ670630, HQ6507 71ÀHQ650786, HQ638090ÀHQ638091, HQ638086ÀHQ638088, HQ637458, HQ634273ÀHQ634288, and HQ418463ÀHQ418467.
The isolates represented 71 bacterial species (Table 1) , corresponding to 27 genera belonging to 6 classes, namely Actinobacteria, Bacilli, Betaproteobacteria, Cocci, Flavobacteria and Gammaproteobacteria (see Supplementary data). The host plants of EBIs, host plant's location on Peninsular Malaysia, identity of the isolates, and all other details are depicted in the Supplementary data.
By far, the most abundant isolates belong to the Bacillus genus, with 24 species and 824 isolates (83% of all isolates). Five (5) Bacillus species account for 82% of all isolates of this genus or 68% of all isolates: Bacillus cereus, Bacillus megaterium, Bacillus subtilis, Bacillus pumilus, and Bacillus anthracis. On the other hand, 11 genera are represented by single isolates. As far as geographic distribution is concerned, it can be noted that the prevalence of Bacillus isolates is lower in the southernmost state, Johor, (48%) than in the other states (75e99%). Out of the 71 identified species, twelve (12) are reported as endophytes for the first time. These species include Acinetobacter soli, Aeromonas jandaei, Bacillus cecembensis, Bacillus koreensis, Bacillus marisflavi, Brevibacterium linens, Cloacibacterium normanense, Enterobacter pulveris, Erwinia soli, Jeotgalicoccus psychrophilus, Pantoea eucrina, and Vibrio parahaemolyticus. To explore potential applications of these bacterial endophytes, we intend to make all these isolates available to the interested scientists for the further research.
Conclusion
In a nutshell, 996 strains of bacterial endophytes were isolated, which depicts their wide range of diversity in monocot and dicot plant species. We are aware that the diversity of endophytic bacteria reported here is somewhat restricted to the limited areas in which collections were done, and even greater microbial diversity is expected from plants in undisturbed areas (primary forests). However limited, we also strongly believe in the uniqueness of this collection of EBIs and its usefulness in pharmacy, medicine and agricultural biotechnology. Further research is required to explore the potential applications of these isolates. 
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